Autistic disorder (autism) is a neurodevelopmental disorder that causes lifelong impairment in socialization, communication, and behavior. A number of specific core symptoms are found to varying degrees. These include poor eye contact, deficits in other nonverbal social behaviors, social withdrawal, impaired social reciprocity, echolalia, motor stereotypies, intense and circumscribed interests, and a preoccupation with parts of objects instead of the whole. These core impairments can range from mild to disabling and are qualitatively different from the more general delays that occur in mental retardation or primary language disorders. Autism is often associated with mental retardation, which contributes to impairment in functioning. The signs and symptoms of autism are usually recognized in early childhood. However, milder degrees of autism and other pervasive developmental disorders (PDDs; often called autism spectrum disorders) might go unrecognized or mislabeled until later in childhood or even adulthood.
The cause of autism is unknown. Evidence from twin and family studies indicates that autism is highly heritable. However, no single autism susceptibility gene has been consistently demonstrated to be important in a majority of cases (1) . Neurochemical investigations have identified abnormalities in monoamines, glutamate, γ-amino hydroxybutyrate, and neuropeptides (2) . Functional neuroimaging studies are beginning to demonstrate differences between the brains of persons with autism and those of controls (3) . Brain regions potentially involved in autism and related disorders are diverse and include the cerebellum (4), fusiform gyrus (5) , amygdala (6) , and prefrontal cortex. No biological markers have been found to reliably diagnose autism in an individual patient.
Diagnosis of different PDD subtypes
The Diagnostic and statistical manual of mental disorders, fourth edition (7) , provides specific criteria for the 5 subtypes of PDD, which include autism, Asperger's disorder, childhood disintegrative disorder (CDD), Rett's disorder, and PDD not otherwise specified (NOS). PDD subtypes differ by the age of onset, presence of regression, and degree of impairment in cognition, socialization, communication, and behavior (Table 1) . Recent epidemiologic studies have found prevalence estimates of about 1 in 150 when all sub-types of PDD are included (8) . Rett's disorder and CDD, which differ greatly from the other PDDs in terms of their diagnostic workup and clinical course, are rare. Because of this, subjects with these disorders are often excluded from clinical research focused on autism spectrum disorders. Most clinical trials of therapeutic agents have focused on autism alone or have included more heterogeneous samples of persons with autism, Asperger's disorder, and PDD NOS.
In addition to the hallmark features of PDD, affected persons frequently suffer from a variety of other neuropsychiatric symptoms and behaviors including anxiety, irritability, aggression, and hyperactivity. Using standardized parent and teacher questionnaires, Lecavalier examined the prevalence of these behavioral problems in 487 youths (aged 3-21 years) receiving special education for a PDD and found that approximately 50% of students with PDD had moderate or severe behavioral problems (9) .
Behavioral interventions, including applied behavior analysis (ABA), are often used in addressing behavioral problems in youths with autism. Prior to behavioral intervention, an initial behavioral assessment, called a functional analysis, is performed. Functional analyses are controlled observational sessions that are conducted to objectively determine the primary motivating factor for the child's behavior, which may include seeking attention, accessing a preferred item, avoiding a task, or other inherently rewarding attributes of the behavior. Despite the success of behavioral interventions for reducing maladaptive behavior in individual children with autism, timely access to personnel and therapists trained in this intervention is often limited.
When behavioral interventions are not fully effective, medication-based treatments are often considered. A survey of psychotropic drug use in children with PDD found that approximately half of subjects are currently being prescribed a psychotropic drug and that 16.5% are taking an antipsychotic drug (10) . Most commonly, antipsychotics are used in alleviating mood and behavioral disturbances characterized by irritability, aggression, and agitation. Recently, risperidone was approved by the U.S. FDA for the treatment of irritability in children and adolescents with autism. This approval is noteworthy because this is the first drug approved for use in autism and the first atypical antipsychotic to be approved for use in children and adolescents. Studies suggest that roughly 30% of children and adolescents with PDD experience moderate to severe irritability that is often accompanied by aggression toward self and others (9) .
Well before its FDA approval, the off-label use of risperidone and other atypical antipsychotics had become common in the treatment of autism (11) . Several published reports had suggested the clinical effectiveness of risperidone (12) , and a randomized controlled trial of risperidone in adults with autism had already been published (13) . Conventional antipsychotics, like haloperidol, became and continue to be used less frequently, although prior randomized controlled trials have shown that they too are efficacious in young children with autism (14) . The randomized controlled trials of risperidone that were subsequently conducted (15, 16) have helped to better elucidate both the beneficial and the adverse effects of risperidone when treating children and adolescents with autism.
Most conventional and atypical antipsychotics are potent dopamine (DA) type 2 receptor antagonists ( Figure 1 ). Second-generation or atypical antipsychotics differ from conventional antipsychotics in that they usually exhibit antagonism of serotonin (5-hydroxytryptamine [5-HT]) type 2A receptors in addition to blocking DA ( Figure 2 ). Individual antipsychotic drugs may also differ within class (i.e., conventional vs. atypical) in their relative potency of receptor subtype blockade, as well as side effect profile.
This review focuses on clinical investigations undertaken to study the effects of antipsychotics in autism. Clinical evidence implicating dysregulation of DA and 5-HT in the underlying pathophysiology of autism will be reviewed, as antipsychotics exert their primary action via these 2 neurotransmitter systems. Following this, we will review published clinical research examining the efficacy of antipsychotics in autism and other PDDs.
DA neurotransmission
The monoamine DA is integral to motor and cognitive functioning as well as hormone release (17) . DA has several receptor subtypes (D 1 -D 5 ) that differ in their structure, action, and location. The evidence for DA being important in autism largely comes from treatment studies. Early research suggested that dopaminergic drugs (e.g., psychostimulants) worsened symptoms of autism (18, 19) and that DA-blocking drugs (e.g., conventional antipsychotics) were associated with improvement in symptoms (reviewed below). Despite these clinical findings, dopaminergic abnormalities have been inconsistently found in studies investigating the neurochemical basis of autism.
Studies examining plasma and urine concentration of DA and homovanillic acid (HVA), the primary DA metabolite, have generally found no significant differences between autistic subjects and controls (20, 21) . However, it is important to note that only approximately 25% of urine and plasma HVA appears to result from central DA turnover and that peripheral measures are primar-ily able to identify only large alterations in central DA metabolism (22) . Most (23, 24) , but not all (25) , studies of CSF HVA levels in autism have also not found significant abnormalities in autism.
Genetic studies of DA involvement in autism have also been published. In a case-control study, the prevalence of the A1 allele of the DA D 2 receptor was significantly increased in the group with autism (26) . In a second, sibling-pair study, there was no increased concordance for DA-β-hydroxylase (the enzyme that converts DA to norepinephrine) alleles in affected siblings (27) . However, the mothers of autistic children had a higher frequency of alleles containing a 19-base pair deletion (which lowers serum DA-β-hydroxylase activity), and the authors hypothesized that this might alter the intrauterine environment in such a way to increase the risk of autism in genetically susceptible offspring.
Dopaminergic activity has also been investigated via neuroimaging. Using the PET tracer [ 18 F]fluorodopa (FDOPA), Ernst and colleagues (28) studied 14 children with autism and 10 control children. In the autistic group, regional FDOPA accumulation in the anterior medial prefrontal cortex was reduced by 39%. In another study using PET, 6 children (aged 3-5 years) with autism were treated with 6R-L-erythro-5,6,7,8,-tetrahydrobiopterin (R-BH 4 ), a cofactor for tyrosine hydroxylase in the biosynthetic pathway of DA (29) . Study subjects were included only if the investigators found low levels of R-BH 4 in the CSF. Prior to treatment, PET revealed increased DA D 2 receptor binding in the caudate and putamen as a whole. After treatment, a 10% decrease in DA D 2 receptor binding was observed. In addition, CSF levels of R-BH 4 were significantly increased and all parents reported some benefit in social interaction.
Serotonin neurotransmission
Serotonin neurons are widely distributed throughout the mammalian brain. This neuronal system is one of the earliest to develop, and the turnover rate of 5-HT is higher in the immature mammalian brain than at any other time in life. Serotonin plays a critical role as a growth factor in the immature brain, directing both proliferation and maturation (30) . Different subtypes of 5-HT receptors have been identified (5-HT 1 -5-HT 7 ); these differ in terms of structure, action, and location.
Initial studies on the pathophysiology of autism focused primarily on the 5-HT system. Schain and Freedman (31) found consistent elevations in whole-blood 5-HT in autistic children compared with controls. There were no discernible clinical differences in those autistic subjects with hyperserotonemia and those without. This finding of hyperserotonemia in approximately one-third of children with autism has been consistently replicated (32) (33) (34) . Leboyer et al. (35) found age-related declines in whole-blood 5-HT in normal controls but not autistic subjects, which is thought to be suggestive of abnormal maturational processes of the 5-HT system in autism (33, 35) . Pharmacological challenge studies in response to 5-hydroxytryptophan (36) and fenfluramine (which boosts blood serotonin levels; ref. 37) point to diminished central 5-HT responsivity in subjects with autism. Examination of the effects of acute tryptophan (a dietary precursor of 5-HT) depletion in 17 drug-free adults with autism revealed an acute exacerbation of stereotyped and selfinjurious behavior (38) .
A number of investigations of genes involved in the 5-HT system have been conducted in autism. The gene encoding the 5-HT transporter (SLC6A4), the site of action of serotonin reuptake inhibitors, has been considered a candidate gene for autism. Cook et al. (39) were the first to report the presence of an association between the short variant of a functional insertion-deletion polymorphism in the promoter region of SLC6A4 and autism. In contrast, Klauck et al. (40) identified preferential transmission of the long variant of this polymorphism in their sample of autistic subjects. Preliminary investigations have also sought a relationship between a subset of autistic subjects with prominent rigid-compulsive behaviors and 5-HT transporter with encouraging results (41, 42) .
Neuroimaging studies of the 5-HT system have also been completed in autism. The first investigation used PET to assess the tracer α-[ 11 C]methyl-L-tryptophan (AMT) as an indicator of 5-HT synthesis in 8 autistic children and 5 of their siblings (43) . Gross asymme-tries of 5-HT synthesis in frontal cortex, thalamus, and cerebellum were found in all 7 of the autistic boys but not in the only female autistic subject. Such asymmetries were not identified in the frontal cortex or thalamus of the siblings. The investigators concluded that the focal abnormalities in AMT accumulation may represent either aberrant innervation by 5-HT terminals or altered function in anatomically normal pathways. A subsequent study by the same investigators (44), again using PET and AMT, found that for nonautistic children, 5-HT synthesis capacity was more than 200% that of adult values until the age of 5 years and then declined toward adult values. In autistic children, 5-HT synthesis capacity increased gradually between 2 and 15 years of age to values 1.5-fold those of adult normal values. It was concluded that humans undergo a period of high brain-5-HT synthesis capacity during childhood and that this developmental process is disrupted in autistic children.
Conventional antipsychotics in autism
In the decade spanning [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] , several studies were published that examined the effects of many different conventional antipsychotics in heterogeneous groups of children that included subjects with autism. Several conventional antipsychotics were studied comparing one active drug with another. Drugs studied included chlorpromazine, trifluoperazine, thiothixene, trifluperidol, fluphenazine, and molindone. Because of the imprecise diagnoses and lack of standardized outcome measures (45) , it is difficult to extrapolate these findings to treatment today. Magda Campbell, who pioneered efforts to investigate these drugs in placebo-controlled trials in autism, chose to study haloperidol, a potent DA receptor blocker. Haloperidol was known to
Figure 1
Simplified schematic of a DA synapse showing synthesis of DA, a postsynaptic D2 receptor, and intracellular mechanisms. Most conventional and atypical antipsychotics block DA D2 receptors. The D2 receptor is coupled by an inhibitory G protein (Gi) to adenylyl cyclase (AC), which converts ATP to cAMP, a secondary messenger.
Figure 2
Simplified schematic of a serotonin (5-HT) synapse showing synthesis of 5-HT, a postsynaptic 5-HT2 receptor, and intracellular mechanisms. In contrast to conventional antipsychotics, most atypical antipsychotics block 5-HT2 receptors. The 5-HT2 receptor is coupled by a G protein (Gq) to phospholipase C (PLC). Phospholipase C hydrolyzes membrane-bound phosphatidyl inositol (PIP2), generating 2 secondary messengers, inositol triphosphate (IP3) and diacylglycerol (DAG).
be associated with less adverse cognitive effects and sedation than the low-potency antipsychotics. It was also faster acting (46) and associated with fewer extrapyramidal symptoms (EPS) (47) than another available high-potency antipsychotic, fluphenazine. In Campbell's first study, children with autism (aged 2.6-7.2 years) were randomized to haloperidol or placebo in combination with 1 of 2 different language training groups (14) . The optimal dose of haloperidol was 1.7 mg/d. Haloperidol was associated with significant improvement in withdrawal and stereotypy in children 4.5 years and older as assessed by the Children's Psychiatric Rating Scale (CPRS) (48) . The addition of haloperidol to a behavioral intervention was associated with accelerated acquisition of imitative speech, suggesting that haloperidol might have some beneficial effects on learning when combined with behavioral treatment. Sedation was frequent (12 of 20 subjects) and dose related. An acute dystonic reaction occurred in 2 children. No adverse effects on cognition were detected using a standard cognitive battery. Subsequent studies were conducted that focused on symptom improvement as well as effects on learning. Positive effects on learning were found in some studies (49, 50) , but not all (51) . Sedation and acute dystonic reactions were relatively common in these early studies of young children with autism.
One potential drawback of haloperidol is its propensity to cause dyskinesia. In a study of 60 children (aged 2.3-7.9 years) with autism, previous responders to haloperidol were enrolled in the study and randomized to 6 months of either continuous or discontinuous (5 days on, 2 days off) administration of haloperidol (52) . After 6 months of haloperidol treatment, subjects were given placebo for 4 weeks. Three children developed dyskinesias during haloperidol treatment, while 9 others developed dyskinesias upon medication withdrawal; all dyskinesias were reversible.
Because of the high frequency of dyskinesias, tardive dyskinesia (TD) and withdrawal dyskinesia were followed prospectively in 118 autistic children (aged 2.3-8.2 years) who did not have a history of seizure disorder, preexisting dyskinesias, or an identifiable cause for their autism (e.g., fragile X syndrome or tuberous sclerosis). Subjects were assigned to cycles of 6 months of haloperidol treatment followed by 4 weeks of placebo (53) . If haloperidol was still clinically indicated following 1 cycle of treatment, then subsequent treatment cycles took place. Dyskinesias developed in 40 children (33.9%), although the majority of them were withdrawal dyskinesias and were reversible. In a subgroup of 10 children receiving a higher dose of haloperidol that averaged 3.4 mg/d at study exit (compared with 2.0 mg/d for the overall group), 9 (90%) developed dyskinesias. In another subgroup of 9 children who developed TD, females were overrepresented. Preand perinatal complications were also more frequent in those that developed dyskinesias (54) .
In summary, multiple studies have found haloperidol efficacious for improving a variety of behavioral symptoms in young children with autism. There is less robust evidence for the efficacy of the other conventional antipsychotics. Haloperidol treatment frequently leads to acute dystonic reactions, withdrawal dyskinesias, and TD. The high risk of EPS has limited the use of these medications to only the most treatment-refractory patients.
Atypical antipsychotics in autism
Antagonism at 5-HT receptors is thought to underlie, at least in part, the reported advantages of atypical antipsychotics over conventional agents, namely the reduced propensity to cause EPS (55). In addition, atypical antipsychotics are generally considered more effective than conventional antipsychotics for improving the negative symptoms of schizophrenia such as anhedonia, avolition, and apathy (56) . These negative symptoms have similarities to the social impairment characteristic of autism. Therefore, the atypical antipsychotic risperidone was postulated to have potential efficacy for treating core symptoms in autism (57) . As discussed below, these hopes have not been fully realized.
This section will review the atypical antipsychotics most commonly prescribed for autism. These include risperidone, olanzapine, quetiapine, ziprasidone, and aripiprazole ( Table 2) . Only a few case reports of clozapine treatment in autism have been published (58) (59) (60) . Clozapine is rarely used clinically because it has the potential to cause life-threatening agranulocytosis and requires frequent weekly to biweekly venipuncture to monitor white blood cell counts. Cognitively impaired children and adults with high degrees of irritability frequently do not tolerate venipuncture well. Due to the absence of any known advantages to clozapine over other atypical antipsychotics for these symptoms, its use is limited.
Risperidone. The first placebo-controlled trial of risperidone conducted in autism involved 31 adults (mean age, 28.1 years) with autism or PDD NOS (13) . Risperidone (mean dose, 2.9 mg/d) was significantly more efficacious than placebo, with 8 of 14 (57%) subjects being categorized as responders on the Clinical Global Impression-Improvement (CGI-I) scale versus 0 of 16 in the placebo group. Specifically, risperidone was efficacious for reducing interfering repetitive behavior as well as aggression toward self, others, and property. Significant differences between risperidone and placebo were not captured on scales measuring social relatedness to people and language. In 13 of 15 (87%) subjects randomized to risperidone, at least one adverse effect was observed - although this included mild, transient sedation in 5 subjects - compared with 5 of 16 (31%) subjects given placebo (agitation in all 5 cases). Weight gain occurred in a minority (2 of 14; 14%) of risperidonetreated subjects and was significantly less than that reported in the pediatric trials discussed below.
A double-blind, placebo-controlled study of risperidone in children and adolescents with autism was completed by the Research Units on Pediatric Psychopharmacology (RUPP) Autism Network (15) . A total of 101 children (mean age, 8.8 years) was randomly assigned to receive 8 weeks of risperidone or placebo. At baseline, all patients had significant irritability, aggression, or self injury as rated by an Aberrant Behavior Checklist (ABC) (61) Irritability subscale score of 18 or greater. Treatment with risperidone for 8 weeks (mean dose, 1.8 mg/d) resulted in a 57% reduction in the Irritability subscale score of the ABC as compared with a 14% decrease in the placebo group. Of the risperidone-treated subjects, 69% were categorized as treatment responders, compared with 12% of those given placebo. Risperidone was associated with an average weight gain of 2.7 kg, as compared with 0.8 kg with placebo. Drooling was more commonly reported with risperidone than placebo, but standardized measures of acute EPS and TD were not significantly different between groups.
The RUPP study (15) also examined the other 4 subscales of the ABC, which included social withdrawal, stereotypy, hyperactivity, and inappropriate speech. Risperidone led to greater reduction on all these scales, but the reduction in social withdrawal and inappropriate speech were only significant at the P = 0.03 level (not significant following Bonferroni correction for multiple analyses). To further analyze the efficacy of risperidone on the core symptoms of autism in this group of highly irritable patients, McDougle et al. (62) examined secondary outcome measures that included a modified Ritvo-Freeman Real Life Rating Scale (R-F RLRS) (63) and modified Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS) (64) . On the R-F RLRS, significant improvement was seen on the following subscales: sensory motor behaviors, affectual reactions, and sensory responses. However, there was no significant change on the social relationship to people or language subscales. Risperidone was more efficacious than placebo in reducing interfering repetitive behavior on the CY-BOCS.
A companion study to the initial 8-week acute risperidone trial by the RUPP Autism Network has also been completed (65) . In this study, 63 subjects who responded to 8 weeks of acute treatment continued on open-label risperidone for an additional 4 months. During this open-label continuation phase, the mean risperidone dose remained stable and there was no clinically significant worsening of target symptoms. Drug use was discontinued by 2 subjects (8%) due to loss of efficacy and by 1 subject due to adverse effects. Subjects gained an average of 5.6 kg of body weight during the total 6-month course of risperidone treatment. Subsequently, 32 subjects who continued to be classified as responders after the 16-week extension were randomized to continued risperidone versus gradual substitution with placebo (over the course of 3 weeks). In subjects randomized to placebo, 10 of 16 (62.5%) showed significant worsening of symptoms, compared with 2 of 16 subjects (12.5%) who continued on risperidone, suggesting that risperidone treatment beyond 6 months is needed to prevent relapse. This relapse with drug withdrawal has also been confirmed in another placebocontrolled discontinuation study of risperidone in PDD (66) .
A second multicenter, placebo-controlled study of risperidone in children with PDD has been conducted in Canada (16) . A total of 79 children (mean age, 7.5 years) was randomized to either risperidone (mean dose, 1.2 mg/d) or placebo for 8 weeks. No specific entry criteria were reported other than a diagnosis of PDD and a Childhood Autism Rating Scale (CARS) (67) score exceeding 30. However, the average baseline ABC Irritability subscale score of 20 suggests that these children were, on average, highly symptomatic at study entry. Risperidone was associated with a 64% reduction in ABC irritability subscale scores versus 31% in the placebo group. On the CGI-I, 21 of 40 (53%) risperidone-treated subjects were "much" or "very much" improved compared with 7 of 39 (18%) placebo-treated subjects. Significant improvement was seen on all subscales of the ABC (P < 0.05), but the greatest magnitude of improvement was observed for irritability and hyperactivity. Social withdrawal decreased by 63% in the risperidone group compared with 40% for placebo (P < 0.01). Weight gain following 8 weeks of risperidone was 2.7 kg compared with 1.0 kg for placebo. EPS as measured by standardized rating scales were equal in both groups.
These 2 studies of risperidone in children with autism produced similar results in terms of efficacy and adverse events. These studies eventually led to FDA approval of risperidone for the treatment of irritability in children and adolescents with autism aged 5-16 years. In addition, there is evidence that risperidone is efficacious for hyperactivity, repetitive behavior, and perhaps social withdrawal in children with PDD exhibiting high levels of baseline irritability.
Other investigators have studied risperidone in samples that included even younger children. Risperidone is occasionally needed in very young children due to the severity of the irritability and agitation, which can be extreme (68) . Nagaraj et al. (69) recently published a study that included children as young as 2 years using doses of 1 mg/d. In this study of 40 children (aged 2-9 years), ris-peridone was highly efficacious as measured by ratings on the CARS and the Children's Global Assessment Scale. Luby et al. (70) also found some evidence for efficacy in a study of 24 children under the age of 6 years. However, these investigators found risperidone (dose range, 0.5-1.5 mg/d) only minimally efficacious compared with placebo at 6 months, possibly owing to group differences at baseline or sample size. In this latter study, high degrees of irritability were not required for study entry. This too may have limited observed improvement.
Olanzapine. To date, 3 prospective open-label trials of olanzapine in PDD have been published. In a 12-week study of olanzapine (mean dose, 7.8 mg/d; dose range, 5-20 mg/d) in children, adolescents, and adults (age range, 5-42 years) with autism and other PDDs, 6 of 8 (75%) patients who entered a 12-week, open-label trial were responders based on the CGI-I (71). Significant improvements in overall symptoms of autism, motor restlessness/hyperactivity, social relatedness, affectual reactions, sensory responses, language usage, self injury, aggression, irritability or anger, anxiety, and depression were observed. Significant changes in repetitive behaviors did not occur for the group. The drug was generally well tolerated, with the most significant adverse effects being increased appetite and weight gain in 6 patients. The mean weight for the group increased 8.4 kg during the course of the 12-week trial.
In another open-label study, 12 children with autism (mean age, 7.8 years) were randomized to 6 weeks of open-label treatment with olanzapine or haloperidol (72) . Mean final dosages were 7.9 mg/d for olanzapine and 1.4 mg/d for haloperidol. In the olanzapine group, 5 of 6 (83%) subjects were rated as responders; 3 of 6 (50%) in the haloperidol group were rated as responders. Weight gain from baseline to the end of treatment was significantly higher in the olanzapine group (mean, 4.1 kg) compared with the haloperidol group (mean, 1.5 kg).
In a third study, 25 children (mean age, 11.2 years) with PDD were treated with olanzapine (mean dose, 10.7 mg/d) for 3 months (73) . In contrast to the other 2 studies, olanzapine was effective in only 3 (12%) subjects. The reason for the lower response rate is unclear, but could have been the relatively low level of disruptive behavior at baseline. In this study, the mean baseline ABC Irritability subscale score was 11, which is low compared with the baseline values in the 2 largest studies of risperidone in children with PDD: 20 and 26. The other 2 olanzapine investigations discussed above had specific entry criterion based on degree of disruptive behavior.
One small placebo-controlled study of olanzapine has been published (74) . In this study, 11 patients with PDD were randomized to olanzapine (mean dose, 10 mg/d) or placebo for 8 weeks. Of subjects receiving olanzapine, 3 of 6 (50%) were judged treatment responders on the CGI-I, compared with 1 of 5 (20%) subjects receiving placebo. Mean weight gain was 7.5 pounds compared with 1.5 for placebo.
Quetiapine. Four open-label studies or case series have reported on the use of quetiapine in treating PDD. In the first of these, 6 children and adolescents (aged 6-15 years) with autism were treated with quetiapine (mean dose, 225 mg/d) during a 16-week openlabel trial (75) . Quetiapine was poorly tolerated by 4 subjects, 3 of whom terminated early due to sedation and 1 due to a seizure. The 2 subjects who finished the study were classified as responders on the CGI-I. Increased appetite and weight gain were also reported. The investigators concluded that quetiapine was poorly tolerated and generally ineffective in this diagnostic group.
Another open-label trial of quetiapine in PDD enrolled 9 adolescents (aged 12-17 years) with autism (76) . Subjects were treated with quetiapine (mean dose, 292 mg/d) for 12 weeks. The trial was completed by 6 of 9 subjects (67%), with 2 of 9 (22%) judged responders on the CGI-I. Two subjects discontinued quetiapine early, 1 due to sedation and 1 to increased agitation/aggression. Overall, adverse effects reported for the group included sedation, weight gain, agitation, and aggression.
Retrospective studies published recently have been slightly more optimistic as to the efficacy of quetiapine in PDD. In 1 case series (77), 20 patients (aged 5-28 years) were treated with quetiapine (mean dose, 249 mg/d) over an average of 60 weeks (range, 4-180 weeks). Of these 20 patients, 8 (40%) were judged responders to quetiapine based on a CGI-I performed at the time of clinic visits. Adverse effects occurred in 50% of patients, but only led to drug discontinuation in 15% of cases.
In another case series (78) , quetiapine (mean dose, 477 mg/d) was effective in treating 6 of 10 (60%) patients (aged 5-19 years) with PDD as judged by the CGI-I. Significant improvement was also found on the Conduct, Hyperactivity, and Inattention subscales of the Conners Parent Scale (79) . Adverse effects were mild and included sedation, sialorrhea, and weight gain.
At first glance, the response rate in these uncontrolled studies of quetiapine is lower than that reported with risperidone. The highest response rate in any of these studies was 60%. In the study by Hardan et al. (78) , somewhat higher doses of quetiapine were reached compared with the other 3 studies. Controlled trials of quetiapine are needed to more accurately determine its efficacy and appropriate dosing in the treatment of autism and other PDDs.
Ziprasidone. There have been 2 published studies that examined the effectiveness of ziprasidone in PDD. In the first study (80) , ziprasidone (mean dose, 59 mg/d) was associated with "much" or "very much" improvement on the CGI-I in 6 of 12 (50%) children and adolescents (mean age, 11.6 years) with PDD following an average treatment duration of 14 weeks. Improvement was seen in symptoms of aggression, agitation, and irritability. Transient sedation was the most common side effect. No cardiovascular side effects were observed. On average, patients lost weight during treatment with ziprasidone, but this could have been secondary to being switched from other drugs that had caused excessive weight gain. Mean change in body weight for the group was -5.8 ± 12.5 pounds (range, -35 to 6 pounds): 5 patients lost weight, 5 had no change, 1 gained weight, and 1 had no follow-up weight beyond the baseline measure.
In the second study (81), 10 adults with autism and mental retardation living in a residential setting were switched to ziprasidone from other atypical antipsychotics (clozapine, risperidone, and quetiapine), most commonly because of excessive weight gain. At 6 months after the switch, they had lost a significant amount of weight, averaging 9.5 pounds. The changes in maladaptive behavior were not significantly different, and the authors reported that 6 patients improved, 1 was unchanged, and 3 decompensated. The potential for QTc interval prolongation with ziprasidone on electrocardiography led to a warning in the full prescribing information (82) . The drug should not be given to individuals with cardiac arrhythmias or long QT syndrome or who take other medications that can prolong the QTc interval.
Aripiprazole. Aripiprazole is the newest atypical antipsychotic available in the United States. This drug differs from other atypicals because it is a partial DA D 2 and 5-HT 1A agonist in addition to being a 5-HT 2A antagonist (83) . In 1 case series (84), 5 patients (mean age, 12.2 years) received aripiprazole (mean dose, 12 mg/d) for an average duration of 13 weeks. All 5 subjects (100%) were deemed responders on the CGI-I. Significant improvement was noted in a variety of interfering behavioral symptoms, including aggression, self injury, and irritability. Aripiprazole was well tolerated. No acute EPS or changes in heart rate or blood pressure were recorded. Of the 5 subjects, 2 experienced mild transient somnolence. There was a reduction in average weight, but this may have been secondary to discontinuing a prior atypical antipsychotic drug that had caused significant weight gain.
Our group recently reported preliminary results from an ongoing open-label prospective study of aripiprazole in youth with Asperger's disorder and PDD NOS (85) . All subjects initially received 1.25 mg/d aripiprazole with flexible dosing during the first 6 weeks (to optimize response and tolerability) up to a maximum of 15 mg/d. The dose was maintained at the optimal dose for the next 8 weeks of treatment. Outcome measures included the CGI-I and ABC. During this 14-week trial, 13 children and adolescents (mean age, 8.9 years) received aripiprazole (dose range, 2.5-15 mg; mean dose, 7.5 mg/d). Of the 13 subjects, 12 (92.3%) responded to treatment based on a CGI-I global score of "much" or "very much" improved and at least a 25% improvement on the ABC Irritability subscale. Aripiprazole was well tolerated. The mean weight gain was 1.2 kg.
Side effect considerations
Weight gain. Weight gain is one of the most troublesome side effects of atypical antipsychotics when used in children and adolescents (86) . It is especially concerning because obesity can set the stage for the development of serious medical problems including diabetes, hyperlipidemia, and cardiovascular disease. The available published evidence suggests that weight gain is greatest for clozapine and olanzapine and least for ziprasidone and aripiprazole (86) . The weight gain occurring with risperidone and quetiapine appears to be intermediate. However, it should be emphasized that this assessment is based on average weight gain. There are some individuals who do not gain excessive weight on these drugs and others who gain weight even on "weight-neutral" atypical antipsychotics.
Children may be at greatest risk for this side effect, but little research has been done comparing weight gain between children and adults (87) . In a study of children with autism from the RUPP Autism Network, weight gain was most prominent during the first 8 weeks of treatment and decelerated over the subsequent 4 months of risperidone treatment (88) . Serum leptin levels at 8 weeks did not predict weight gain at the end of the study, suggesting that elevated leptin is likely not a causal mechanism for atypical antipsychotic-induced weight gain in this population.
Given the likelihood for these medications to cause weight gain, it is very important to educate patients and their families about this adverse effect. In addition, regular monitoring of weight is also important. Given that weight gain can precede the development of diabetes and hyperlipidemia, periodic monitoring of fasting blood glucose and lipid profiles is also advisable.
Hyperprolactinemia. The RUPP Autism Network measured serum prolactin levels in their studies of risperidone in children with autism (89) . Prolactin measurements were obtained at baseline, 8 weeks, 6 months, and 18 months. Risperidone was associated with a 4-fold increase in prolactin at 8 weeks, but tended to decrease at 6 and 18 months. For those subjects treated with risperidone for 18 months, the prolactin level was 25.3 ± 15.6 ng/ml (compared with 10.4 ± 10.1 ng/ml at baseline). Interestingly, despite elevations in serum prolactin levels, there were no reported side effects or changes on physical exam typically associated with hyperprolactinemia (e.g., gynecomastia, galactorrhea). However, this could be secondary to the subject sample, which was predominantly male and prepubertal. These subjects may be less likely to experience these side effects than postpubertal females. Similar findings for prolactin have been found in using risperidone to treat children and adolescents with disruptive behavior disorders (90) .
EPS. EPS are common when using haloperidol in the treatment of children with autism. Fortunately, the available data suggest that the atypical antipsychotics are less likely to cause EPS. In the studies of risperidone done by the RUPP Autism Network (15) , standardized measures of acute EPS (using the Simpson-Angus Rating Scale; ref. 91 ) and TD (using the Abnormal Involuntary Movement Scale; ref. 92) were not different between risperidone and placebo (93) . Indeed, overall rates of any side effect elicited by a structured checklist that could have been EPS were low and often comparable to placebo. The one exception to this was drooling, which was more commonly reported in children treated with risperidone (P = 0.04). Research is needed on the frequency of EPS with other atypical antipsychotics in this diagnostic population. In addition, currently available studies have not addressed the long-term risk of TD.
Sedation and adverse cognitive effects. Antipsychotics are frequently associated with sedation, especially early in the course of treatment. In the RUPP Autism Network study of risperidone (93), 37% of risperidone-treated subjects experienced moderate or severe sedation compared with 12% of subjects treated with placebo. Sedation markedly declined after 6-8 weeks of treatment. Studying the cognitive effects of risperidone has been challenging in autism owing to testing difficulties in a study population characterized by irritability and communication difficulties. Preliminary placebo-controlled studies have not found adverse cognitive effects of risperidone in children with autism (94) or in children with intellectual disabilities (95) .
Summary and future directions
Both haloperidol and risperidone have been shown to be efficacious for treating several of the behavioral symptoms associated with autism. The current role of haloperidol is limited due to the risk of EPS, especially TD. Because of this, atypical antipsychotics are more commonly used today in treating persons with autism. Despite the efficacy of risperidone, the decision to prescribe this drug needs to include consideration of the potential side effects, especially those of weight gain, hyperprolactinemia, and TD. Treatment with other drug classes, including anticonvulsants, antidepressants, and stimulants, can occasionally lead to reductions in aggression and irritability in autism. However, the efficacy of these other medications for this specific symptom cluster has not been clearly demonstrated (96) .
Despite its efficacy for reducing behavioral symptoms, it is unclear whether risperidone improves the core social and communication impairment of autism. Indeed, a study that included less irritable children (70) found a lower rate or magnitude of response. Additional studies of risperidone and other atypical antipsychotics in nonirritable children with autism or studies using other measures of social impairment might be informative. It also remains to be determined whether atypical antipsychotics other than risperidone are effective in the treatment of disruptive behavior in autism. Large placebo-controlled studies of olanzapine and aripiprazole are underway. The long-term significance of hyperprolactinemia, as well as the long-term risk of TD, needs to be determined in either prospectively defined cohorts or via larger controlled studies of longer duration. Finally, further research that informs the clinical management of weight gain occurring with these drugs when used in autism is needed. This might include identifying patients who are genetically more susceptible to this side effect as well as determining the best approach to management (e.g., diet and/or exercise, switching drugs, or pharmacologic treatments).
